Background: Ductal carcinoma in situ with microinvasion (DCISM) represents ~1% of all breast cancer cases. Risk factors for lymph node (LN) metastasis and appropriate adjuvant therapy for DCISM are still widely debated. Methods: We retrieved DCISM data from the National Cancer Institute's Surveillance, Epidemiology, and End Results registry database (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013). Chi-squared tests and logistic regression models were applied to investigate the potential risks of LN metastasis. Univariate and multivariate Cox proportional hazards regressions were performed to estimate the prognostic factors of DCISM. Survival outcomes were estimated using the Kaplan-Meier method. A 1:1 propensity score matching was used to minimize potential bias. Results: Overall, 6,219 patients with DCISM met our inclusion criteria. Younger age and higher grade disease were identified as risk factors for LN metastasis. In the multivariable analysis, LN metastasis and chemotherapy were prognostic factors for worse overall survival and breast cancer-specific survival. Furthermore, propensity score matching and subgroup analysis showed that chemotherapy may not be effective for DCISM patients. Conclusion: Younger patients with high-grade disease tend to have LN involved in DCISM. Adjuvant chemotherapy might not be necessary for patients with DCISM.
Introduction
Ductal carcinoma in situ with microinvasion (DCISM) is a rare pathologic entity accounting for ~0.6%-3.4% of all breast cancer cases. 1, 2 The specific definitions of this entity have varied in the past decades, and the seventh edition of the American Joint Committee on Cancer Cancer Staging Manual defines microinvasion as not exceeding 1 mm in size. 3 With the widespread use of mammography in screening, increasing numbers of DCISM are now being detected and diagnosed.
The presence of lymph node (LN) metastasis has been reported to range between 0% and 25%. [4] [5] [6] [7] [8] [9] Although many pathological factors might be associated with LN metastasis, including lymph angiogenesis, 7 high-grade disease, 10 larger ductal carcinoma in situ (DCIS) lesion, 11 and younger age, 9 the reliability of these conclusions should be interpreted carefully due to the small number of studies.
DCISM presents a therapeutic conundrum. The prognosis falls somewhere between invasive cancer and DCIS, but the specific prognosis of individuals is submit your manuscript | www.dovepress.com
Dovepress

9072
chen et al unclear, and risk stratification based on retrospective reports has been difficult due to the overall rarity of this entity. 12 Although classified as invasive cancer, DCISM has an excellent prognosis compared with DCIS. 4 Unfortunately, an agreement has not been reached on the standard therapy for DCISM. Adjuvant chemotherapy is generally recommended for invasive ductal carcinoma (IDC) with LN metastasis, while it remains undetermined whether DCISM with LN involvement should receive chemotherapy.
Based on retrieved DCISM data from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) registry database (1998-2013), we designed a population-based study to identify risk factors for LN metastasis in DCISM and, more importantly, weigh the impact of adjuvant chemotherapy on DCISM.
Methods
Patient selection
Data were extracted from the National Cancer Institute's SEER program between 1998 and 2013. The SEER project is a United States population-based cancer registry that began in 1973 and now includes 18 registries across the United States, covering ~28% of the American population.
We focused on cases diagnosed between 1998 and 2013 with microscopically confirmed stage T1mic, and we selected patients aged between 20 and 70 years old. Information about patients with infiltrating duct carcinoma (code 8500/3) was referenced to the International Classification of Diseases for Oncology, version 3. Patients who were identified at autopsy, with death certificate only, no surgery treatment, or incomplete survival times were excluded from our study. Tumor demographics included grade (grade I: well differentiated/grade II: moderately differentiated/grade III: poorly differentiated/grade IV: undifferentiated/unknown), hormone status (estrogen receptor [ER] positive/negative/unknown, progesterone receptor [PR] positive/negative/unknown), and human epidermal growth factor receptor 2 (HER2) status (positive/negative/ unknown). Treatment characteristics included surgery (lumpectomy/mastectomy), chemotherapy, and radiotherapy. Additionally, as SEER did not report the type of LN surgery, we used the number of LNs excised as an alternative. We define patients with 1-5 LNs removed as sentinel lymph node biopsy (SLNB) and .5 LNs removed as axillary lymph node dissection (ALND), as previous studies reported. 13, 14 A total of 6,219 female patients with DCISM met our inclusion criteria.
statistical analysis
The characteristics of the two groups of patients (LN positive vs LN negative) were compared using Pearson's chi-squared test or Fisher's exact test. Logistic regression analysis was further used to identify the independent factors associated with LN metastasis. Overall survival (OS) was calculated as the time from the date of diagnosis to the date of death from any cause. Breast cancer-specific survival (BCSS) was measured from the date of diagnosis to the date of death owing to breast cancer. Survival rates were assessed using the Kaplan-Meier method and compared using the log-rank test. Furthermore, we used the Cox proportional hazards model to calculate HR and 95% CI for the prognostic factors of DCISM. To minimize group differences, a 1:1 propensity score matching was used.
All statistical analyses were performed using SPSS statistical software, version 22.0 (IBM Corporation, Armonk, NY, USA), and a P-value ,0.05 was considered statistically significant.
ethics statement
This was a retrospective analysis using data from the SEER database, which is a public health database. The data released by the SEER database were publicly accessible to applicants and did not require informed patient consent for use.
Results
Patient and treatment characteristics
The characteristics of all patients are listed in Table S1 . The mean (range) age at diagnosis of DCISM was 53.8 Tables 1 and 2 .
survival outcomes
The median follow-up was 76 months (range, 1-170 months). There were 271 deaths in all and 90 breast cancer-specific deaths. The 10-year OS and BCSS of all patients were 93.8% and 97.7%, respectively. The 10-year OS for LN-negative patients was 94.7%, compared to 87.4% in the LN-positive group ( Figure 1A ; P,0.001), and the 10-year BCSS for LN-negative patients was 98.4%, compared to 91.3% in the LN-positive group ( Figure 1B ; P,0.001). Table 3 .
Propensity score matching
Patients who received chemotherapy may have been subject to some selection bias. To further adjust for potential baseline bias and confounders, propensity score matching was carried out. Moreover, to minimize confounders, we also excluded some unavailable or unknown information, such as unknown ER status, PR status, LN stage, and radiotherapy. Finally, a total of 3,198 patients with complete information were available. All matching variables were balanced between the two groups (chemotherapy vs no chemotherapy); details of the original, unmatched cohort, and propensity-matched cohort are shown in Table 4 . After matching, survival analysis and log-rank testing revealed worse BCSS in the chemotherapy-treated group than in the no chemotherapy group ( Figure 1D ; P=0.008), but there was no statistical significance for OS ( Figure 1C ; P=0.248).
In the LN-negative subgroup, the same methods were implemented as earlier. Finally, 2,916 LN-negative patients with complete information were available; details of the original, unmatched cohort, and propensity-matched cohort are shown in Table S2 . After matching, survival analysis showed no statistical significance in the two groups (chemotherapy vs no chemotherapy) for OS ( Figure S1A ; P=0.324) and BCSS ( Figure S1B ; P=0.121). Unfortunately, due to the limited number, we could not apply propensity score matching to the LN-positive subgroup.
subgroup analysis
Univariate and multivariate Cox proportional hazards regression models were also employed in the LN-negative and LN-positive subgroups. For the LN-negative subgroup, chemotherapy was an independent factor for worse OS (HR 2.119, 95% CI 1.311-3.424, P=0.002) and BCSS (HR 4.631, 95% CI 2.253-9.114, P,0.001), as shown in Table S3 . For the LN-positive subgroup, chemotherapy was not associated with better OS (P=0.559) and BCSS (P=0.288), as shown in Table S4 .
Discussion
DCISM is a disease entity that is not fully characterized, in contrast to DCIS and IDC. The clinical-pathological characteristics are unclear, and the optimal treatment is controversial due to limited information. Although there have already been two studies about DCISM based on the SEER database, 15, 16 they focused on comparing DCISM with 
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lymph node metastasis and impact of adjuvant chemotherapy DCIS and IDC and did not analyze the therapy strategies, such as chemotherapy and surgical options. We first divided the DCISM into two groups (LN positive vs LN negative) to explore the difference between the two groups and identify the potential risks for LN metastasis. To our knowledge, this population-based study is the first to identify predictive markers for LN metastasis and report the potential influence of adjuvant chemotherapy on DCISM.
There is a potential risk of LN metastasis in DCISM. Some studies reported that it was valuable to perform SLNB routinely, 9 while others had different perspectives and stated that SLNB should be individualized. 17 These debates raised the question of whether there were subgroups of patients who were at high risk of LN metastasis.
In our study, 7.8% of patients had LN metastasis. Importantly, our study identified that younger age and higher grade disease were risk factors for LN involvement. In a study of 81 patients with DCISM, Gray et al suggested that extensive size of DCIS (.5 cm) and multifocal microinvasion were associated with LN metastasis. 5 Wasserberg et al revealed that nuclear grade, comedonecrosis, and DCIS-involved ducts might predict LN metastasis. However, only high-grade status was a significant factor for LN metastasis in T1a breast cancer. 10 Kapoor et al analyzed 45 patients with DCISM and found that the LN was involved in nine patients. In the multivariate analysis, only negative ER status (P,0.02) was a risk factor for LN metastasis rather than high-grade disease, comedonecrosis, lymphovascular invasion, DCIS size, multifocal microinvasion, and HER2 status. 18 However, several studies have proposed contrary conclusions. Guth et al proposed that comedonecrosis, nuclear grade, multifocal DCIS, and hormone receptor status might not predict LN involvement, but patients with LN positivity tended to be younger, 9 which is consistent with our current study. Pimiento et al studied the correlation between clinical-pathological features and axillary LN metastasis in 90 female patients with DCISM. Unfortunately, this study failed to identify any significant predictive factor. 19 In addition, by studying records from a prospective institutional database, Matsen et al investigated 414 patients with DCISM and suggested that multifocal microinvasion may not be correlated with LN involvement. 12 All these published studies were limited by small sample size, and the reliability of their conclusions is therefore not confirmed. Larger studies are urgently needed to identify the relevant predictive factors of LN metastasis in patients with DCISM.
To take it further, the significance of LN involvement in DCISM is another topic of interest -specifically, the predictive value of LN involvement on locoregional recurrence and distant metastasis. Unfortunately, the SEER database cannot provide this critical information.
The other interesting finding from our current study is that adjuvant chemotherapy might not be necessary for DCISM. Especially for the subgroup of LN-negative patients, chemotherapy is even a risk prognostic factor for worse OS (HR 2.119, 95% CI 1.311-3.424, P=0.002) and BCSS (HR 4.631, 95% CI 2.253-9.114, P,0.001). Although, we could not apply propensity score matching to investigate the effect of chemotherapy in the LN-positive subgroup (it may be underpowered to do so), univariate and multivariate Cox proportional hazards regression models suggested that chemotherapy was not associated with better OS (P=0.559) and BCSS (P=0.288).
Because chemotherapy is seldom needed for DCISM, the impact of chemotherapy on this uncommon entity is unclear until now. Fang et al presented 84 DCISM patients, 16 of whom were treated with chemotherapy and trastuzumab. After univariate and multivariate analyses, HER2 status was an independent predictor for worse disease-free survival with a median follow-up of 31 months, and they suggested that chemotherapy and target therapy in patients with HER2-positive disease seemed to be reasonable. 20 Matsen et al reported that patients with LN involvement and multifocal microinvasion were more likely to receive chemotherapy. 12 Lyons et al found 14 patients with positive sentinel LN (SLN) among 112 patients with DCISM, and adjuvant chemotherapy was given to all patients with macrometastasis. With a median follow-up of 6 years, there were five local recurrences. It is worth discussing that all five recurrences were observed in patients with negative SLNs. Thus, the authors concluded that DCISM patients with SLN macrometastasis would benefit from adjuvant chemotherapy. 21 On the other hand, regardless of LN metastasis, DCISM patients also reported excellent prognosis. 22, 23 Therefore, adjuvant therapy may be unnecessary for this already excellent prognosis disease. 24 Niu et al found no statistical significance in the 5-year disease-free survival or OS between chemotherapy and nonchemotherapy groups but it might improve the outcomes of ER-negative/PR-negative DCISM patients. 25 According to the latest guidelines, including National Comprehensive Cancer Network guidelines, chemotherapy was routinely recommended for breast cancer patients with LN involvement. 26 However, it is unclear whether patients were potentially overtreated or the relatively rare recurrence in the node-positive group was due to adjuvant chemotherapy. 27 The MINDACT trial is a phase III trial comparing the 70-gene signature with the commonly used clinicopathologic criteria in selecting patients for adjuvant chemotherapy in breast cancer with 0-3 positive nodes. It is worth noting that early results from the MINDACT trial suggest that the 70-gene signature can help avoid chemotherapy in certain patients regardless of larger tumor size and nodal status, without compromising the outcome. 28 Based on these data, in the era of precision medicine, clinicians should consider the biology of tumors while making clinical decisions. The costs and benefits of chemotherapy should be exactly weighted in DCISM patients. In addition, patients who can derive the most benefit from chemotherapy should be further identified.
Our present study has several limitations. First, when both in situ and invasive components are present in a tumor, the SEER database records only the characteristics of the invasive component; therefore, we cannot analyze the impacts of DCIS lesions on LN metastasis. In addition, potentially significant clinicopathological factors, such as vascular invasion, surgical margin status, adjuvant endocrine therapy, and targeted therapy, are not provided by the SEER database. Besides, HER2 status was not available before 2010 in the SEER database. The number of analyzed patients was very limited when HER2 status is considered, specifically in the propensity score matching analysis. Furthermore, due to the retrospective design of our study, there may be some inherent biases. Finally, agreement on chemotherapy between the SEER database and chart reviews proved to be moderate. 29 The preferred approach would be to combine data from different sources to obtain more complete information.
Conclusion
Younger patients with high-grade disease tend to have LN metastasis in DCISM. DCISM patients are unlikely to benefit from adjuvant chemotherapy. Further studies and randomized trials should be performed before any appropriate suggestion can be made.
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